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Identification of the best ovitrap installation sites for gravid
Aedes (Stegomyia) aegypti in residences in Mirassol,
state of Sdo Paulo, Brazil
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Adriano Mondini*, Eliane A Favaro*, Angelita AC Barbosa*, Carmen M Glasser
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This study aimed at identifying the best ovitrap installation sites for gravid Aedes aegypti in Mirassol, state of
SAo Paulo, Brazl. Ovitraps were installed in ten houses per block over ten blocks. Four ovitraps were placed per
residence, one in the bedroom, one in the living room, and two outdoors with one in a sheltered area and onein an
outside site. Each week for eleven weeks, visits were made to examine the ovitraps and to change the paddles used
for egg-laying. Eggs were analyzed according to the trap location. The results showed that the outdoor sites
received significantly more oviposition than indoor sites. Additionally, in respect to the outdoor sites, the outside
site received significantly more oviposition than the sheltered site. A strong correlation was observed between
positive traps and egg numbers. The results are discussed with respect to the best installation site of the traps and
their implications in surveillance and control of dengue vectors.
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Dengueis a public health problem in the majority of
tropical countries, wherethe climatic conditionsfavor the
proliferation of Aedes (Stegomyia) aegypti, themain vec-
tor of thedisease. In Brazil, the historical seriesshowed a
growing tendency in the incidence of the disease with a
peak in 2002 and an increase in the rate of the hemor-
rhagic form. The state of S&o Paulo, Brazil, presented a
similar tendency, with the greatest epidemic seen in 2001
with 51,248 cases (M S 2002).

Ae. aegypti isadomesticated species, whoselifealong
side man is favored by the utilization of containers in
residences suitable for breeding containersfor theimma-
ture forms of culicid (Pereira 2001). The vector control
strategy is centered on the reduction of potential breed-
ing containers by the involvement of vector control per-
sonnel, of several public administration sectors, of pro-
ductive sectorsthat indirectly contributeto theincreased
number of breeding containers and of the community.

Chemical control actions are only performed in den-
guetransmission situations (M S 2001). Theroutinely em-
ployed method to monitor Ae. aegypti populationin Vec-
tor Control Program of the state of S&o Paulo is larval
survey in potential breeding containers, which enables
the attainment of entomological indicators such as the
Premise, Container and Breteau Indexes (Breteau 1954,
Gomes 1998). In non-infected municipalitiesthis Program
recommends the use of larvitraps, mat-black containers
(sections of tires) containing 1 liter of water that are
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checked on aweekly basis, aiming at detecting foci of Ae.
aegypti (SES2002).

Another method available for mosquito detection and
monitoring is the use of ovitraps. Fay and Perry (1965)
described the ovitrap, which was improved by Fay and
Eliason (1966). It consists of ablack container that is par-
tially filled with tap water holding avertical wooden paddie
with onerough side. Fay and Eliason (1966) compared the
ovitrap techniquewith alarval survey and concluded that
both methods are complementary and that the oviposi-
tion trap is sensitive, fast, and economic to determine the
presence of egg-laying females of Ae. aegypti.

In a comparative efficiency study of the ovitrap and
larvitrap to detect Ae (tg.) albopictus performed by
Marques et al. (1993) in the state of S&o Paulo, ovitraps
were moreefficient even in the presence of natural breed-
ing containers.

A study madein Bahia, Brazil, comparing alarval sur-
vey with ovitrapsto detect and monitor Ae. aegypti, dem-
onstrated that the trap was more sensitive for the detec-
tion of thisinsect, aswell as being a cheaper method and
operationally viable, with its utilization being preferred
for vectoria surveillance (Bragaet a. 2000).

Rawlins et al. (1998) compared the larval monitoring
method with the presence of eggsin ovitrapsin Trinidad
and confirmed that the trapswere significantly more sen-
sitive. These authors recommended changesin the moni-
toring strategy of Ae. aegypti with the employment of
trapsin Caribbean cities.

Oviposition traps have been designated as a surveil-
lancetool (Focks2003) and for controlling the Ae. aegypti
vector (Cheng et al. 1982, Zeichner & Perich 1999). To
improve the use of these trapsin vector surveillance and
control strategies, a better understanding of the behavior
of Ae. aegypti is necessary.
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Theaims of this study were to determine the oviposi-
tion behavior of Ae. aegypti inrelation to site preferences
within residences; to evaluate if there was a correlation
between positive traps and egg numbers; to obtain an
expected proportion of Ae. aegypti eggs on paddles.

MATERIALSAND METHODS

The municipality of Mirassol is located at 20°25'S
51921’ W, in the state of S&o Paulo, Brazil. The climateis
characterized as subtropical with two distinct seasons, a
rainy season between November and April and a cooler
dry season between May and October (Secretaria de
Agriculturado Estado de S&o Paulo, unpublished data).

The town became infested with the Ae. aegypti mos-
quito in 1987. Ae. aegypti and Ae. albopictusinfestation
levels determined prior to this study showed a Breteau
Index (the number of breeding containers with larvae of
Ae. aegypti and/or Ae. albopictus multiplied by 100 di-
vided by the total number of houses inspected) (Breteau
1954) of 14.3 in January 2001 and 9.9 in February 2002
(Superintendénciade Controle de Endemias, unpublished
data).

Thefirst reported transmission of dengue occurred in
1993 with anincidence coefficient of 67 cases per 100,000
inhabitants. In the following years, dengue became en-
demic. The highest incidence coefficient occurred in 2001,
reaching 3351 cases per 100,000 inhabitants, one of the
highest rates recorded in the state of Sdo Paulo for that
year (Centro de Vigilancia Epidemiol égica, unpublished
data).

An areacomprising 25 blockswith uniform one-floor
houseswas selected in Mirassol. Of these, 10 blockswere
utilized for the installation of ovitraps. Thisareaplusthe
29 neighboring blocks, which had similar homogeneous
characteristics, were used to measure the larval density
before the initiation of the study (the first two weeks of
September 2002) and after the end of thetrial period (last
10 days of December 2002). This was achieved by sys-
tematically surveying all the blocks visiting alternate
houses.

With the intention of installing traps in 10 houses in
each of the 10 selected blocks, atotal of 15 possible houses
wererandomly chosen per block. After explaining theidea
of the experiment to the occupants, the first 10 houses
where permission to install the traps was obtained, were
included in the study.

The ovitraps consisted of 1 liter black plastic pots
filled with 500 ml of tap water. The oviposition substrate
was awooden paddle measuring 12.5 cm by 2 cm placed
inside the pot. These were installed in the houses from
30th September to 4th October 2002. Thetrial period be-
gan on 7th October and finished on 20th December 2002.

Two traps were installed indoors, one in the bedroom
and the other in the living room. Another two were placed
outdoors, one protected fromrainin averandaor service
area, the sheltered site, and one exposed to the weather,
under leaves on tree branches or in bushes, at the front,
side or back of the house, the outside site. Indoors, the
oviposition traps were installed on bookcases, bed-side
tables, chests of drawers, television stands, that is, places
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that allowed the traps to be hidden from view (from chil-
dren and animals) behind pictures, books, images of saints,
pots of artificial flowers, etc. In the sheltered site, the
trapswereinstalled in plant vases, placesthat allow them
to remain out of sight too. All these places were prefer-
ably at heights from 0.5 to 1 m. In order to maintain the
same pattern, the outdoor traps were installed at about
the sameheight in shrubsand in tree branches. The paddle
of each ovitrap was removed every 7 days on the same
day of the week.

The collected paddles were labeled and put to dry at
room temperature for 24 h. The paddleswere analyzed by
means of an stereo microscope and the eggs were counted
with a manual counter. These paddles were kept in the
laboratory for oneweek. A weekly random selection of 70
paddles was made proportional to the numbers of posi-
tivetrapsinrelation to the different installation sites (bed-
room, living room, sheltered or outside). To calculate the
sample sizewetook into account: the maximum size of the
popul ation (400 paddleswith eggs per week), an expected
frequency of 94% of eggs being Ae. aegypti calculated
from our previous experiments, asampleerror of 5%, and
aconfidenceinterval of 95% (95% CI). The minimum ex-
pected sample fraction, if eggs were found on all the
paddlesin aspecific week, was0.18 (70in 400). Weekly, 70
paddles were placed in individual containers of water for
egg-hatching. The larvae were fed with fish food until
they reached the third stage of development and they
were identified by microscopy using taxonomic keys
(Consoli & Lourenco-de-Oliveiral1998).

The measurements of larval density performed before
and after trap installation supplied information about the
number of positive breeding containers for Ae. aegypti
and Ae. albopictus in the study area. From these mea-
surements, the Breteau Indexes (Bl) for each species
(Breteau 1954) and their respective 95% CI (Altman 1999)
were calculated. The study of the behavior of Ae. aegypti
in respect to thelocation of the oviposition was an evalu-
ation of the positivity (number of paddleswith eggs mul-
tiplied by 100 divided by thetotal number of paddles) and
of the number of eggs collected in traps. Positivity was
calculated for the set of data obtained over 11 weeks for
the following trap sites: indoors, outdoors, bedroom, liv-
ing room, sheltered, and outside. The following compari-
sons were made using the chi-squared test to calculate
the statistical significance: indoors and outdoors; bed-
room and living room; sheltered, and outside (Altman
1999). The positivities, with their respective 95% ClI, were
also calculated for individual weeks according to the
ovitrap installation sites.

The numbers of eggs were calculated for the same
trap installation sites mentioned above summing the num-
bers of eggs over 11 weeks from each of the houses in-
cluded in the study. These numbers were transformed
using the square root to guarantee a close approximation
to the normal and the results were compared for the fol-
lowing trap installation sites: indoors and outdoors; bed-
room and living room; sheltered, and outside. Statistical
significance was assessed using the two-tailed Student
ttest (Altman 1999).
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The mean numbers of eggs (number of eggs collected
divided by the total number of houses) were calculated
for thetotal trial period and also for individual weeks ac-
cording to the ovitrap installation sites. The mean num-
bers per week are presented with the respective 95% CI.

To evaluate the existence of acorrelation between the
positivity and the mean numbers of eggsin any particular
week for the different sites studied, Spearman coefficients
and the respective p-values were calculated. This coeffi-
cient was utilized to evaluate the correlation between the
positivity and the mean egg numbers of the trapsin re-
spect to rainfall and minimum and maximum temperatures
(Altman 1999).

On analyzing the number of larvae and species from
the sample of 70 paddles randomly chosen every week,
for hatching, the expected proportions of Ae. aegypti and
Ae. albopictus on any paddle together with the respec-
tive 95% CI were estimated (Altman 1999).

In the cases that the statistical tests were performed,
results with p-values of less than 5% were considered
significant.

RESULTS

Intheanalysisof theinitial infestation performed dur-
ing the dry season, the Bl for Ae. aegypti was estimated
at 2.8 (95% Cl: 1.1-4.6); no Ae. albopictus larvae were
collected in this study. After removal of the ovitraps, an-
other estimation of infestation levelswas madeintherainy
season, giving Blsof 9.8 (95% Cl: 6.2-13.4) for Ae. aegypti
and 0.4 (95% ClI: 0.0-0.7) for Ae. albopictus. For thefirst
measurement of the BI, 458 residences were inspected
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and for the second measurement, 531 residenceswerein-
cluded.

Inthe 100 residenceswith trapsatotal of 4400 paddies
were obtained of which 38.6% (95% IC: 37.1-40.0) were
positive for eggs. The positivity of the outdoor trapswas
significantly greater than the indoor traps (Table I). For
the outdoor sites, the positivity of the outside site was
significantly greater than the sheltered site (Tablel). For
theindoor sites however, there were no significant differ-
ences between the bedroom and the living room sites
(Tablel).

Taking into account the entire 11-week period, the
numbers of eggs collected in the outdoor traps were sig-
nificantly higher than theindoor traps (Tablel). The num-
bers of eggs collected in the outside site were signifi-
cantly higher than the sheltered site (Table I). The num-
bers of eggs collected in the bedroom and the living room
did not give any significant difference (Tablel).

The positivities presented in Tables Il and I11 show
the mean number of eggs of the ovitraps according to the
week and theinstallation sitewith respective 95% Cl. Table
IV presents the Spearman coefficients evaluating the re-
lationship between the positivity and the mean numbers
of eggs over the weeks at the different trap sites.

Of atotal of 1697 paddieswith eggs, 783 (samplefrac-
tion = 0.46) were flooded for egg hatching. Of the total of
135,018 eggs collected, 54,245 were flooded for hatching,
fromwhich 15,631 |larvae emerged, which represent ahatch-
ing rate of 28.8%. Of the total of paddlesflooded, hatch-
ing occurred in 690 (88.1%). The expected proportion of
Ae. aegypti eggs on any specific paddle was calcul ated at

TABLEI
Positivity and the mean numbers of eggs according to ovitrap installation sites, Mirassol, state of S&o Paulo, Brazil, 2002

Site Positivity (%) P-value (Chi-squared test) Mean number of eggs P-value (Student t-test)
Outdoors 52.9 0.0000 101.9 0.0000 2
Indoors 24.2 20.8
Bedroom 23.7 0.06188 9.8 0.4347
Livingroom 24.7 11.0
Outside 64.0 0.0000 72.2 0.0000 2
Sheltered 41.8 29.7
a: significant results

TABLE Il

Positivity (%) according to ovitrap installation sites and weeks, Mirassol, state of S&o Paulo, Brazil, 2002
Site (95% confidence interval)

Week Bedroom Livingroom Sheltered Outside

1 2.0(0.2-7.0) 3.0(0.6-8,5) 19.0 (11.8-28.1) 24.0 (16.0-33.6)
2 1.0(0.0-5.4) 2.0(0.2-7.0) 14.0 (7.9-22.4) 38.0 (28.4-48.3)
3 13.0(7.0-21.0) 12.0 (6.4-20.0) 30.0 (21.2-40.0) 51.0 (40.8-61.1)
4 30.0 (21.2-40.0) 22.0 (14.3-31.4) 43.0 (33.1-53.3) 57.0 (46.7-66.9)
5 20.0 (12.7-29.2) 21.0 (14.5-30.3) 30.0 (21.2-40.0) 65.0 (54.8-74.3)
6 26.0 (17.7-35.7) 26.0 (17.7-35.7) 43.0(33.1-58.3) 58.0 (47.7-67.8)
7 23.0 (15.2-32.5) 35.0 (25.7-45.2) 50.0 (39.8-60.1) 75.0 (65.0-83.1)
8 33.0(23.9-43.1) 37.0 (27.6-47.2) 60.0 (49.7-69.7) 83.0 (74.2-90.0)
9 22.0(14.3-31.4) 24.0 (16.0-33.6) 42.0(32.2-52.3) 74.0 (64.3-82.3)
10 33.0(23.9-43.1) 32.0(23.0-42.1) 53.0 (42.8-63.1) 85.0 (76.5-91.4)
11 58.0 (47.7-67.8) 58.0 (47.7-67.8) 68.0 (57.9-77.0) 94.0 (87.4-97.8)
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TABLE Il

Mean numbers of eggs according to ovitrap installation sites and weeks, Mirassol, state of Sao Paulo, Brazil, 2002

Site (95% confidence interval)

Week Bedroom Livingroom Sheltered Outside
1 0.2 (0.0-0.5) 0.4 (0.0-0.9) 3.1(1.4-4.8) 10.4 (5.5-15.4)
2 0.1 (0.0-0.2) 1.0(0.0-2.7) 5.6 (1.3-9.9) 17.8(10.8-24.8)
3 3.3(1.2-5.5) 2.1(0.5-3.7) 19.0 (10.0-28.0) 43.2 (26.6-59.8)
4 7.8 (4.0-11.6) 7.8(3.1-12.5) 20.4 (13.0-27.8) 34.0 (21.6-46.4)
5 4.7 (1.4-8.0) 15.7 (6.2-25.2) 24.3(13.4-35.2) 60.8 (44.3-77.3)
6 7.5(3.6-11.5) 10.0 (4.7-15.4) 32.0 (19.5-44.5) 59.0 (40.1-77.9)
7 26.2 (6.5-45.8) 23.9(14.3-33.6) 54.5 (35.4-73.7) 125.3 (94.8-155.8)
8 16.3 (6.3-26.3) 14.6 (7.7-27.5) 60.7 (42.1-79.3) 101.6 (79.9-123.3)
9 7.4 (35-11.2) 8.0 (3.4-12.6) 25.9 (15.2-36.6) 81.5 (61.4-101.5)

10 14.9 (7.9-21.9) 11.3(5.5-17.0) 43.3(28.3-58.4) 121.6 (93.5-149.8)

11 19.7 (12.2-27.2) 22.8 (13.6-31.9) 37.7 (20.9-54.5) 139.0(93.3-184.7)

TABLEIV

Spearman coefficients (p) and the p-values for positivity and
mean numbers of eggs according to ovitrap installation sites,
Mirassol, state of Sdo Paulo, Brazil, 2002

Site p p-value
Bedroom 0.8611 0.0007
Living room 0.7909 0.0037
Sheltered 0.8813 0.0003
Outside 0.9636 0.0000

99.2% (95% Cl: 98.9-99.5) and for Ae. albopictusit was
0.8%(95%Cl: 0.5-1.2).

During the period of thetrial, therewasarainfall of 58
mm in October, 135 mm in November, and 149 mmin De-
cember, normal figures for these months of the year. The
Spearman correl ation coefficients cal cul ated between the
positivity and the mean numbers of eggs of the trapsin
respect to therainfall and the minimum and maximum tem-
peratures did not present significant results (Secretaria
daAgriculturado Estado de S&o Paul o, unpublished data,
Altman 1999).

DISCUSSION

Although there was acompetition between the ovitraps
and other existing breeding containers, some traps be-
came positive withinthefirst week, that is, during the dry
season. Thus, this method was confirmed to be efficient
in detecting vectors of Aedes (2g.), ashas been described
by Fay and Eliason (1966), Marqueset a. (1993), and Braga
etal. (2000).

An analysis of the data about the distribution of posi-
tive traps and the eggs deposited demonstrated that more
oviposition occurred in the outdoor sites compared to
indoors and the outside site received more oviposition
than the sheltered site. Rezende et al. (1999) installed
ovitrapsinthree municipalitiesin thefollowing locations
around houses: backyard, service area, veranda, side area,
and garden. They obtained higher oviposition of Ae.
aegypti in the backyard and service area.

The high Spearman coefficients between positivity and
mean numbers of eggsindicate that one variable can pre-

dict the other. Mogi et al. (1990) found asimilar correla-
tion between the average egg numbers and the positivity
suggesting that the mean egg numbers per trap can be
estimated without actually counting the eggs. From this
they concluded that the method might be utilized to indi-
cate when control actions should be initiated.

These results have important repercussions on the
use of ovitraps as an entomological surveillance tool.
Apart from the establishment of the outside site as the
best sitefor their install ation, the high correl ation between
the positivity and the egg numbers and the expected pro-
portions of Ae. aegypti eggs of close to 100% on paddies
may represent asignificant simplification of this activity
as well as an optimization of resources. In the region of
Sdo José do Rio Preto, with a great predominance of Ae.
aegypti in comparison to Ae. albopictus (Chiaravalloti-
Neto et al. 2002) and in other regionswith similar charac-
teristics the traps can be utilized without the necessity of
actually counting the eggs or the necessity of hatching
the eggs.

When identification of the existence of eggs is the
most important activity, aggregation of techniques may
improve the speed of data collection and decision mak-
ing. One example is the use of palmtop computersin the
field to register the positivity of each trap withimmediate
updating of the database. Thistogether with aGeographic
Information System (GIS), wherethelocation of thetraps
are georeferenced using vectorial maps if they exist, or
using Global Positioning Systems (GPS) may quickly pro-
vide information about the distribution of the vector and
serve asastratification tool in control measures (Ai-leen
& Song 2000).

Barataet al. (2001) captured mosquitoes using Nasci
aspirators in residences and confirmed that 87.3% of fe-
male Ae. aegypti were caught indoors. Although inside
the house seems to correspond to the ideal environment
for shelter and blood feeding this current study showed
that, even with the availability of ovitrapsindoors (in the
bedroom and living room), the majority of gravid females
preferred to deposit eggs outdoors. This behavior sug-
gests that females may enter the houses for blood feed-
ing and resting and leave the housesto deposit their eggs,
a question that requires further investigation.
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These results have repercussions on vector control
strategies. If the main interest is to eliminate adult mos-
quitoesto interrupt the transmission of dengue fever, ac-
tions inside residences should be prioritized. In Brazil
when there is transmission of dengue, many municipali-
tiesstill use chemical control of adult Ae. aegypti mosqui-
toesusing ultralow volume ground applications of insec-
ticide sprayed from vehiclesthat circulate the city streets
(Barataet a. 2001). Asphysical barrierssuch astreesand
closed doors and windows restrict the entrance of the
product to enter inside residences, many of the mosqui-
toes are not affected which greatly reduces the effective-
ness of thismeasure (Reiter et al. 1990). Thiscurrent study
and others cited might serve as a parameter for changes
inrelation to thisactivity.

If the interest is preventative, aiming at eliminating
the immature forms of the mosquitoes, the principal ac-
tions should be concentrated outdoor. In the region of
S&0 José do Rio Preto one of the main reasons that mem-
bers of the population refuse to participate in programsto
eliminate breeding containersisthe necessity of endemic
control agents to enter the house (Superintendéncia de
Controle de Endemias, unpublished data), asituation that
must exist in other regions of the country. The establish-
ment of the outdoors as the favored oviposition site may
restrict the necessity of control activities of theimmature
formsto thisenvironment, increasing the acceptability of
these measures by the population and optimizing re-
sources.
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